
US 20040122607A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0122607 A1 

Fishman et al. (43) Pub. Date: Jun. 24, 2004 

(54) 

(75) 

(73) 

(21) 

(22) 

SYSTEM AND METHOD OF MEASURING A 
SIGNAL PROPAGATION DELAY 

Inventors: Alex Fishman, Sunnyvale, CA (US); 
Serguei Dorofeev, Sunnyvale, CA 
(US); Dmitri Bannikov, Mountain 
View, CA (US); Robert Lee Fennelly, 
San Jose, CA (US); Andreas Weber, 
Los Altos, CA (US); Subra Nagarajan, 
Livermore, CA (US) 

Correspondence Address: 
Fraser D. Roy 
WORKMAN NYDEGGER 
1000 Eagle Gate Tower 
60 East South Temple 
Salt Lake City, UT 84111 (US) 

Assignee: Finisar Corporation 

Appl. No.: 10/695,477 

Filed: Oct. 28, 2003 

(60) 

(51) 
(52) 

(57) 

Related US. Application Data 

Provisional application No. 60/423,968, ?led on Nov. 
5, 2002. Provisional application No. 60/422,598, ?led 
on Oct. 31, 2002. Provisional application No. 60/423, 
959, ?led on Nov. 5, 2002. 

Publication Classi?cation 

Int. Cl.7 ................................................... .. G06F 19/00 

US. Cl. .............................................................. .. 702/69 

ABSTRACT 

The present invention relates generally to an improvement in 
the ability of test systems to test bit processing capacities of 
electronic devices, and in particular an improvement in their 
ability to measure a signal propagation delay through an 
object connected to an optoelectronic device. The present 
invention includes determining for hoW long after a speci?c 
bit or bit group is transmitted by an optical transceiver the 
bit or bit group is received at the other end of the object 
connected to the optical transceiver. 
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SYSTEM AND METHOD OF MEASURING A 
SIGNAL PROPAGATION DELAY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority to and the 
bene?t of US. Provisional Patent Application No. 60/423, 
968, ?led on Nov. 5, 2002 and entitled “A System and 
Method of Measuring a Signal Propagation Delay,” US. 
Provisional Patent Application No. 60/422,598, ?led on Oct. 
31, 2002 and entitled “A System and Method of Measuring 
Turn-On and Turn-Off Times of an Optoelectronic Device,” 
and US. Provisional Patent Application No. 60/423,959 
?led on Nov. 5, 2002 and entitled “A System and Method of 
Testing a Transceiver,” all of Which are hereby incorporated 
by reference in their entireties. The present application is 
also related to US. patent application Ser. No. 10/285,082, 
?led on Oct. 31, 2002 and entitled “A System and Method 
of Processing a Data Signal,” and US. patent application 
Ser. No. 10/285,081, ?led on Oct. 31, 2002 and entitled “A 
System and Method of Detecting a Bit Processing Error,” 
both of Which are also hereby incorporated by reference in 
their entireties. 

BACKGROUND OF THE INVENTION 

[0002] 1. The Field of the Invention 

[0003] The present invention relates generally to an 
improvement in the ability of test systems to test bit pro 
cessing capacities of devices, and in particular an improve 
ment in their ability to measure a signal propagation delay 
through objects (e.g., devices and/or cables used to connect 
these devices). 
[0004] 2. The Relevant Technology 

[0005] A bit error rate (“BER”) is a ratio of bits received, 
processed, and/or transmitted With errors to a total number 
of bits received, processed, and/or transmitted over a given 
period of time. If, for eXample, a transmission has 1 million 
bits and one of these bits is in error (e.g., a bit is in a ?rst 
logic state instead of a second logic state), the transmission 
has a BER of 106. The BER is useful because it can be used 
to characteriZe the ability of a device to receive, process, 
and/or transmit bits. 

[0006] Many devices are designed to receive, process, and 
then transmit a plurality of bits. An optoelectronic trans 
ceiver, for eXample, typically receives a plurality of bits in 
an electrical form and then transforms and transmits the bits 
in an optical form and/or receives a plurality of bits in an 
optical form and then transforms and transmits the bits in an 
electrical form. Such devices require a ?nite amount of time 
to make these transformations. This ?nite amount of time is 
knoWn as the signal propagation delay. It is often useful to 
measure the signal propagation delay for a particular signal 
traveling from one point to another. The points can be 
relatively close, such as tWo devices on the same local area 
netWork, or Widely scattered, such as tWo devices in different 
cities. Measuring the signal propagation delay enables indi 
viduals to identify Whether or not data propagates ef?ciently 
betWeen the tWo points. 

[0007] In the past, measuring a propagation delay through 
a device and/or cables used to connect these devices Was a 
costly operation. For eXample, an Agilent® Digital Com 
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munication AnalyZer (Serial BERT 3.6 Gb/s Bit Error Ration 
Testor) Which currently retails for more than ninety thousand 
dollars Was required to take such measurements With pre 
cision comparable to that of the present invention. 

[0008] In order to use the prior art device, one needed a 
signal generator, a signal splitter, the device under test 
(DUT), and an oscilloscope With tWo channels. One Would 
then need to connect the output of the signal generator 
through the signal splitter to the DUT input and the ?rst 
channel of the oscilloscope. The second channel of the 
oscilloscope could then be connected to the DUT output. 
Then, using either the oscilloscope screen or the screen ?le 
one could ?gure out the propagation delay, Which Would 
then correspond to a time distance betWeen tWo Wave forms. 
Using this method, scopes With a precise time base give 
better resolution. Unfortunately, one needs a very large 
memory capacity to measure long delays in a precise time 
base With high resolution. 

BRIEF SUMMARY OF THE INVENTION 

[0009] What is needed in the art is a method of measuring 
a signal propagation delay Without all of the external equip 
ment mentioned above. The present invention uses a built in 
signal generator Without a splitter or oscilloscope to measure 
a signal propagation delay. 

[0010] The present invention includes a method for mea 
suring a propagation delay by introducing a bit error into a 
bit sequence and measuring the time that it takes for the error 
to reappear at the generating station. The method includes 
the steps of 1) generating a bit sequence by reference to a 
controlling pattern; 2) transmitting the bit sequence through 
an object (such as an optical ?ber and/or an electronic or 
optoelectronic device); 3) receiving the bit sequence from 
the object and a second bit sequence generated by reference 
to the controlling pattern; 4) injecting a bit error into a bit 
group of the bit sequence after initiating the generating step; 
5) checking bit groups from the bit sequence from the object 
for the bit error; 6) maintaining a count that is incremented 
each time the comparing step is eXecuted after the injecting 
step is eXecuted; 7) terminating the comparing step When the 
bit error is detected in a bit group from the bit sequence from 
the object; and 8) computing the propagation delay by 
reference to a count corresponding to the bit group from the 
bit sequence from the object With the bit error. 

[0011] The disclosed method is much cheaper to imple 
ment than the purchase of a standard digital communications 
analyZer. The equipment needed to implement the invention 
is available off the shelf, and collectively costs tens of 
thousands of dollars less than a commercial communications 
analyZer. Yet the disclosed method is very accurate. 

[0012] These and other objects and features of the present 
invention Will become more fully apparent from the folloW 
ing description and appended claims, or can be learned by 
the practice of the invention as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] In order that the manner in Which the above-recited 
and other advantages and features of the invention are 
obtained, a more particular description of the invention 
brie?y described above Will be rendered by reference to 
speci?c embodiments thereof Which are illustrated in the 
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appended drawings. Understanding that these drawings 
depict only typical embodiments of the invention and are not 
therefore to be considered limiting of its scope, the invention 
Will be described and explained With additional speci?city 
and detail through the use of the accompanying draWings in 
Which: 

[0014] FIG. 1 is a block diagram of an exemplary system 
in accordance With the present invention; 

[0015] FIG. 2 is a block diagram of the exemplary com 
puter system shoWn in FIG. 1; and 

[0016] FIGS. 3A-3D illustrate an exemplary method of the 
present invention. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

[0017] Reference Will noW be made to the draWings to 
describe exemplary embodiments of the invention. It is to be 
understood that the draWings are diagrammatic and sche 
matic representations of the exemplary embodiments, and 
are not limiting of the present invention, nor are they 
necessarily draWn to scale. 

[0018] Referring to FIG. 1, there is shoWn a system 1 
consistent With an embodiment of the present invention. As 
illustrated in FIG. 1, system 1 includes a circuit board 2 that 
is an isolated board that provides poWer and ground con 
nections for various electrical components mounted or 
housed thereon. Illustratively, mounted to circuit board 2 are 
a ?rst bit sequence (“BS”) generator 10, a serialiZer/deseri 
aliZer (“SERDES”) 20, a programmable delay 30, a deseri 
aliZer 90, a second BS generator 100, a controller 120, and 
a clock source 150. Electrically communicating With system 
1 are a computer 160, a transmitter 170 and a receiver 180. 
Transmitter 170 and receiver 180 are connected by an 
optical ?ber 190. 

[0019] The BS generators 10, 100 are linear feedback shift 
registers. For example, a given BS generator can be a binary 
shift register With taps that are modulo-2 added together and 
fed back to the binary shift register as input. Persons skilled 
in the art recogniZe that the con?guration and function of the 
taps, or similar circuitry, typically de?ne bit sequences 
produced by a BS generator. In particular, these con?gura 
tions and functionalities de?ne a second bit group that is 
produced When a ?rst bit group is input into a BS generator. 

[0020] The bit groups generated by a BS generator are 
typically output simultaneously in parallel form, but can be 
output serially as Well. Additionally, bit sequences generated 
by a BS generator are preferably pseudo random bit 
sequences. Alternately, the bit sequences can be other deter 
ministic sequences, such as, Gold, JPL, and Barker Codes. 
As a result, a plurality of BS generators can be con?gured 
in the same Way so that each produces the same bit group 
from like input. The BS generators illustrated in FIG. 1 
include an I/O port, a Din port, a DOut port (i.e., the I/O port 
16, Din port 12, and DOut port 14 and the I/O port 106, Din 
port 102, and DOut port 104 of the ?rst and second BS 
generators, respectively), and a port for receiving a clock 
signal originating from the clock source 150 (connections 
not illustrated). 

[0021] The Din port can be a parallel port (With a number 
“n” signals, channels, lines, etc.), but can also be a serial port 
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(1 signal, channel, line, etc.), that is used to receive data such 
as bit groups (e.g., a seed value that identi?es a starting bit 
group in a sequence of bits). The DOut port is typically a 
parallel port, but can be a serial port, that is used to transmit 
bit groups. 

[0022] The I/O port can be a parallel or serial port that is 
used to receive control signals from controller 120. These 
control signals can, for example, con?gure a BS generator 
(e.g., con?gure the taps or similar circuitry that typically 
de?nes the type of bit sequences produced and the cycle 
length, uniformity, and independence of these bit sequences) 
and initiate and/or terminate the generation of a bit sequence 
by a BS generator. 

[0023] The SerialiZer/DeserialiZer (SERDES) 20 can be a 
device for receiving data in parallel and transmitting this 
data serially. One example of such a device Would be an ON 
Semiconductor@ 8-Bit parallel to serial converter 
MC100EP446. As illustrated in FIG. 1, SERDES 20 
includes a Din port 22 and a DOut port 24. The Din port 22 can 
receive bit groups in parallel and DOut port 24 can serially 
transmit bit groups received through Din port 22. 

[0024] The SERDES 20 can also include one or more 
ports (not illustrated) for exchanging control signals With 
controller 120 and for receiving a clock signal originating 
from clock source 150. These ports enable controller 120 to, 
for example, control hoW SERDES 20 receives, transforms, 
and transmits data. These ports can, furthermore, include a 
plurality of separate signals for address bits, an alarm 
interrupt, a chip select, a Write input, a read input, a bus type 
select, a test input, an address latch enable, and other control 
parameters. 
[0025] The programmable delay 30 includes a Din port 32, 
a DOut port 34, and an I/O port 36. The programmable delay 
30 can be a programmable delay circuit, such as an ON 
Semiconductor ECL Programmable Delay Chip 
MC100EPI96. A data signal applied to an input 32 of 
programmable delay 30 reappears at an output 34 of pro 
grammable delay 30, after a delay of a speci?ed amount of 
time. Both leading and trailing edges of data signal pulses 
are delayed by the same amount of time, Which is typically 
programmable by controller 120 using either a serial or 
parallel data input. 
[0026] The data signal generated by receiver 180 is trans 
mitted to programmable delay 30 through Din port 32. The 
data signal, after the speci?ed delay, is then transmitted to 
deserialiZer 90 through DOut port 34. The controller 120 sets 
the delay of programmable delay 30 through I/O port 36, 
Which functions as a control port accessible to controller 
120. 

[0027] The deserialiZer 90 can be a device, such as a 
MICREL 3.3V AnyRate MUX/DEMUX SY87724L, for 
receiving data serially and transmitting this data in parallel. 
As illustrated in FIG. 1, deserialiZer 90 includes a Din port 
92 and a DOut port 94. The Din port 92 receives bit groups 
serially and DOut port 94 transmits these bit groups in 
parallel. The deserialiZer 90 can also include one or more 

ports (not illustrated) for exchanging control signals With 
controller 120. These ports enable controller 120 to, for 
example, control hoW deserialiZer 90 receives, transforms, 
and transmits data. 

[0028] The controller 120 includes a computer processor 
on a microchip such as a Motorola® 8-bit processor or other 
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chip combining an 8-bit architecture With an array of ?eld 
programmable logic. The controller 120 directs the opera 
tion of circuitry on circuit board 2 (not all connections 
illustrated) and stores and manipulates data provided by this 
circuitry. Controller 120 completes these tasks, under the 
direction of computer 160. In some embodiments of the 
present invention, controller 120 may not have the capacity 
to perform measurements, Which are described beloW, With 
out computer 160. 

[0029] The controller 120 includes a ?rst I/O port 122, a 
DOut port 124, a second I/O port 126, a third I/O port 128, a 
fourth I/O port 130, a ?fth I/O port 136, a sixth I/O port 138, 
a ?rst Din port 132, a second Din port 134, and a port for 
receiving a clock signal originating from clock source 150 
(connections not illustrated). The controller 120 can send 
and receive control signals, con?guration data, etc. to some 
or all of the circuitry and/or devices illustrated in FIG. 1 
Without departing from the scope of the present invention. 

[0030] In particular, controller 120 can con?gure BS gen 
erators 10, 100 and trigger or terminate the generation of bit 
sequences by BS generators 10, 100. The controller 120 
sends data to Din port 12 of ?rst BS generator 10 through 
DOm port 124. This data is typically a seed value for the 
generation of a bit sequence, but can be other data as Well. 
Additionally, controller 120 transmits and receives control 
signals, con?guration data, etc. to/from I/O port 106 of 
second BS generator 100 through second I/O port 126. 

[0031] The controller 120 communicates With computer 
160 through fourth I/O port 130. In exemplary embodi 
ments, computer 160 exchanges control signals and/or data 
With controller 120, Which interacts With some or all of the 
other circuitry on circuit board 2, to setup, initiate, and 
monitor measurements. 

[0032] The controller 120 can also include logic for com 
paring a ?rst group of bits to a second group of bits (i.e. a 
comparator). More speci?cally, controller 120 compares bits 
of like position Within their respective group of bits. For 
instance, the second bit in a ?rst group of bits is compared 
to the second bit in a second group of bits. In addition to 
making such comparisons, controller 120 stores comparison 
results, Which can include a speci?cation of individual bits 
Within a group of bits that do not match. The controller 120 
includes Din ports 132, 134 to receive bits for these com 
parisons from circuitry on circuit board 2. For instance, ports 
132, 134 receive signals from deserialiZer 90 and second BS 
generator 100, respectively. 

[0033] Finally, controller 120 also includes logic to main 
tain, increment, and clear a clock count 140. This clock 
count 140 indicates the number of clock cycles that occur 
during, for example, a measurement of the propagation 
delay. The controller 120 also includes logic for storing 
measurement data 142, Which typically includes a value of 
clock count 140. The substance and use of clock count 140 
and measurement data 142 is described in more detail beloW 
With reference to FIG. 3. 

[0034] The clock source 150 is designed to provide a clock 
signal at a desired frequency. The clock source 150 can be 
a single, self contained circuit such as an Amptron® or 
Cardinal Components, Inc. crystal based oscillator. Such 
circuits are single frequency circuits, but clock source 150 
can also have multiple-frequency capability. The clock 
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source 150 can also have a plurality of circuits including a 
primary circuit and external timing components. In an 
exemplary embodiment, clock source 150 is capable of 
generating a clock signal at a frequency on the order of one 
picosecond or less. 

[0035] The clock source 150 includes a plurality of ports 
to communicate a clock signal to some or all of the circuitry 
and devices illustrated in FIG. 1. Ports and connections for 
these communications are not illustrated. The clock source 
150 includes an I/O port to receive con?guration data from 
the controller 120, such as frequency de?nitions (ports and 
connection not illustrated). Also not illustrated in FIG. 1 are 
one or more demultiplexers and/or one or more dividers or 

multipliers that enable clock source 150 to drive tWo or more 
components at one or more frequencies. For example, SER 
DES 20, programmable delay 30, and deserialiZer 90 can 
operate at a higher frequency than controller 120 and BS 
generators 10, 100. 

[0036] The transmitter 170 and receiver 180 are any 
electronic device capable of receiving, transforming, and 
transmitting a data signal. Typically, these devices are opto 
electronic packages and can form part of a transmitter 
optical sub-assembly or receiver optical sub-assembly. As 
such, these devices are capable of receiving a data signal in 
an electrical form and transmitting the data signal in an 
optical form and vice versa. Each of these devices can 
include a Din and DOut port (e.g., Din port 172 and DOut port 
174 of transmitter 170 and Din port 182 and DOut port 184 of 
receiver 180). Each of these devices also can include an I/O 
port (e.g., I/O port 176 of transmitter 170 and I/O port 186 
of receiver 180) 

[0037] The Din port 172 of transmitter 170 receives 
data electrically from DOut port 24 of SERDES 20. 
The DOut port 174 of transmitter 170 transmits data 
optically to Din port 182 of receiver 180. The DOut 
port 184 of receiver 180 transmits data electrically to 
Din port 102 of programmable delay 30. 

[0038] The I/O ports are used to exchange control signals 
With controller 120. In particular, transmitter 170 and 
receiver 180 can receive, for example, a transmitter disable 
signal from controller 120. The state of this signal (e.g., a 
digital one or Zero), enables the optical transmitter circuitry 
of transmitter 170. Finally, for purposes of the invention, 
receiver 180 is a device that has been con?rmed to operate 
properly. Its use may be practical in nature because system 
1 does not include circuitry capable of receiving data 
optically. 

[0039] The transmitter 170 is so named because it trans 
mits signals to optical ?ber 190, Which can be the subject of 
the propagation delay measurement. Similarly, receiver 180 
is so named because it receives signals from optical ?ber 
190. The optical ?ber 190 includes a glass or plastic ?exible 
optically transparent ?ber of variable length through Which 
a data signal in the form of light is transmitted by successive 
internal re?ections. Commonly available single mode or 
multi-mode ?ber optic cable is generally considered suf? 
cient to act as optical ?ber 190. 

[0040] Referring to FIG. 2, there is shoWn a more detailed 
illustration of computer 160. In addition to I/O port 162 
illustrated in FIG. 1, computer 160 includes standard com 
puter components such as one or more processing units 204, 
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one or more user interfaces 206 (e.g., keyboard, mouse, and 
a display), memory 208, and one or more busses 210 to 
interconnect these components. The memory 208, Which can 
include high speed random access memory as Well as 
non-volatile storage such as disk storage, can store an 
operating system 212, a control module 214, and a database 
(or one or more ?les) 216, Which can include a plurality of 
records 218. 

[0041] An operating system 212 can include procedures 
for handling various basic system services and for perform 
ing hardWare dependent tasks. The one or more processing 
units 204 can execute, for example, tasks for control module 
214 under the direction of operating system 212. The 
operating system 212 can also provide control module 214 
With access to other system resources such as, but not 
limited to, memory 208 and user interface 206. 

[0042] The control module 214 is designed to manipulate 
system 1 in accordance With the present invention. In 
particular, control module 214 interacts With controller 120 
through I/O port 162 to initiate and monitor measurements. 
As described in more detail beloW, control module 214 
directs controller 120 to initialiZe one or more other com 

ponents included in system 1 and, if need be, to obtain 
information about the one or more other components that are 
not connected directly to computer 160. The control module 
214 can engage in such communication With controller 120 
before, during, and after measurements. The control module 
214 can communicate results of measurements through user 
interface 206 as needed. 

[0043] Although separate ports are illustrated in FIGS. 1 
and 2 and discussed above With respect to various circuit 
ries, some embodiments of the present invention can include 
additional or feWer ports Without departing from the scope 
of the present invention. For example, a single data bus With 
address bits and corresponding ports can be substituted for 
some or all of the data ports and corresponding connections 
illustrated in FIG. 1. Additionally, some or all of the port 
connections, though illustrated in FIGS. 1 and 2 as single 
leads, can be formed by a plurality of separate leads. The 
con?guration illustrated in FIGS. 1 and 2, therefore, rep 
resents just one exemplary embodiment and is not meant to 
limit the scope of the present invention. 

[0044] Referring to FIGS. 3A-3D, there is shoWn a series 
of processing steps included in an exemplary embodiment of 
the present invention. The steps of FIGS. 3A-3D can be 
conceptually divided into ?ve phases, although a different 
number of phases is possible. In a ?rst phase (e.g., steps 
302-304), the circuitry and devices illustrated in FIG. 1 are 
initialiZed. In a second phase (e.g., steps 306-336), the data 
received from the receiver is properly aligned With a clock 
signal. In a third phase (e.g., steps 340-360), a proper 
con?guration of system 1, transmitter 170, and receiver 180 
is con?rmed, and a seed value used by the second BS 
generator during the fourth phase is identi?ed. The third 
phase continues until consecutive groups of bits Without any 
bit errors are transmitted or until it times out. In a fourth 

phase (e.g., steps 370-382), data needed to compute the 
propagation delay is gathered. In a ?fth phase (e.g., steps 
384-388), the propagation delay is calculated and/or the 
results of the measurement (attempt) are displayed. 

[0045] In a ?rst step, control module 214 initialiZes system 
1, as represented by block 302 in FIG. 3A. In particular, 
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control module 214 directs controller 120 to set the clock 
frequency of the clock signal generated by clock source 150 
and to turn clock source 150 on. The control module 214 can 
also direct controller 120 to set the length, type, and other 
characteristics of bit sequences generated by the BS gen 
erators. The controller 120 accomplishes this task by, for 
example, transmitting control signals through its ?rst I/O 
port 122 and second I/O port 126 to I/O port 16 and I/O port 
106 of ?rst and second BS generators 10, 100, respectively. 

[0046] The control module 214 can also direct controller 
120 to clear clock count 140 and measurement data 142. The 
control module 214 can create a neW record 218 in database 
216 to store results of a measurement. Finally, control 
module 214 preferably directs controller 120 to set the delay 
value of programmable delay 30. In exemplary embodi 
ments of the present invention, this delay value is initially 
set to the loWest delay value possible. As persons skilled in 
the art knoW, some programmable delay circuits have an 
inherent non-Zero, minimum delay value. 

[0047] The control module 214 then initialiZes external 
devices, as represented by block 304. In particular, control 
module 214 directs controller 120 to turn on transmitter 170 
and receiver 180 and enable the optical transmitter circuitry 
of transmitter 170 by, for example, adjusting the state of a 
transmitter disable control signal. More speci?cally, con 
troller 120, under the direction of control module 214, can 
transmit these control signals through its I/O port 136 to I/O 
port 176 of transmitter 170 and through its I/O port 138 to 
I/O port 186 of receiver 180. 

[0048] The control module 214 then initiates the genera 
tion of a sequence of bits, as represented by block 306. This 
task is completed by controller 120, under the direction of 
control module 214. In particular, controller 120 can trans 
mit a seed value through its DOut port 124 to Din port 12 of 
?rst BS generator 10. In some embodiments of the present 
invention, controller 120, under the direction of control 
module 214, can also transmit a control signal through its 
I/O port 122 to I/O port 16 of ?rst BS generator 10 to enable 
the generation of the sequence of bits by BS generator 10. 

[0049] In response to step 306, ?rst BS generator 10 
begins generating a sequence of bits by generating a bit 
group in the sequence of bits, as represented by block 308. 
In exemplary embodiments of the present invention, bit 
groups are generated sequentially and transmitted in paral 
lel. The BS generator 10 operates (i.e., generates bit groups) 
at the frequency of a clock signal originating from clock 
source 150. In an exemplary embodiment, this frequency 
can be 1 picosecond or less. The ?rst BS generator 10 
continues to generate bit groups in the sequence of bits, 
repeating the sequence of bits if necessary, until disabled by 
controller 120. 

[0050] In one exemplary embodiment, ?rst BS generator 
10 is set to function in continuous blind mode. It uses a 
Pseudo Random Binary Sequence (PRBS) generation mode 
to generate the ?rst sequence of bits. In this mode, BS 
generator 10 has the capability to insert a bit error into the 
sequence Wherever desired. This ?rst sequence of bits can 
be, by Way of example and not limitation, 80 bits. One 
skilled in the art Will realiZe that other numbers of bits can 
be generated as Well. 

[0051] Each bit group generated by ?rst BS generator 10 
is serialiZed by SERDES 20 and transmitted to transmitter 
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170, as represented by block 310. The SERDES 20 receives 
bit groups through its Din port 22 from ?rst BS generator 10 
in parallel, and transmits these bit groups serially through its 
DOut port 24. 
[0052] The transmitter 170 receives bits transmitted by 
SERDES 20 through its Din port 172 in an electrical form 
and transmits them in an optical form through its DOut port 
174 to receiver 180. The receiver 180 receives bits trans 
mitted by transmitter. 170 through its Din port 182 in an 
optical form and transmits them in an electrical form 
through its D port 184 to Din port 32 of programmable 
delay 30. 
[0053] The programmable delay 30 receives bits transmit 
ted by receiver 180 and delays by a speci?ed amount of time 
before transmitting these bits to deserialiZer 90, as repre 
sented by block 312. More speci?cally, programmable delay 
30 receives bits transmitted serially by receiver 180 through 
its Din port 32 and transmits these bits after the speci?ed 
delay through its D port 34 to Din port 92 of deserialiZer 
90. 

[0054] The deserialiZer 90 receives bits transmitted seri 
ally by programmable delay 30 and paralleliZes them, as 
represented by block 314. More speci?cally, deserialiZer 90, 
using a clock signal from clock source 150, receives bits 
transmitted serially by programmable delay 30 through its 
Din port 92 and transmits these bits as a bit group in parallel 
through its DOut port 94 to both controller 120 and second BS 
generator 100. The clock signal used by the deserialiZer to 
receive serial data bits can be the fastest clock signal 
generated by clock source 150. 

[0055] The second BS generator 100 generates a subse 
quent bit group from the bit group received through its Din 
port 102 from deserialiZer 90, as represented by block 316. 
Bit sequences generated by the BS generators illustrated in 
FIG. 1 are deterministic, so When con?gured in the same 
manner, these BS generators generate the same bit group 
from a given bit group. The output of ?rst BS generator 10 
is typically fed back to ?rst BS generator 10 to generate 
another bit group in the sequence of bits. Similarly, second 
BS generator 100 uses the bit group transmitted to it by 
deserialiZer 90 as a seed value to generate a subsequent bit 
group in the sequence of bits. Because second BS generator 
100 is con?gured to produce the same sequence of bits as 
?rst BS generator 10, second BS generator 100 generates the 
same bit group that ?rst BS generator 10 generates from a 
given input bit group. 
[0056] The subsequent bit group is transmitted by second 
BS generator 100 through its DOut port 104 to second Din port 
134 of controller 120. The subsequent bit group is not output 
by second BS generator 100 until a subsequent clock cycle. 
While deserialiZer 90 transmits the bit group to BS generator 
100 in step 310, programmable delay 30 delays another bit 
group received from receiver 180, as represented by block 
318. The deserialiZer then paralleliZes this bit group, as 
represented by block 320. As indicated above, paralleliZing 
a bit group includes transmitting the bits in parallel to both 
controller 120 and second BS generator 100. The bit group 
received in step 318 is transmitted to controller 120 during 
the same clock cycle in Which the subsequent bit group 
generated by BS generator 100 in step 316 is transmitted to 
controller 120. 

[0057] The controller 120 compares the bit groups trans 
mitted by deserialiZer 90 and second BS generator 100, 

out 

out 
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respectively, as represented by block 322 in FIG. 3B. If 
there are any bit errors, i.e., one or more of the bits do not 
match, Which corresponds to decision block 324 being 
ansWered “Yes”, the results of the comparison (e.g., the 
number of bit errors) along With the delay value of pro 
grammable delay 30 are stored as part of measurement data 
142, as represented by block 326. 

[0058] If there are no bit errors, Which corresponds to 
decision block 324 being ansWered “No”, or after storing the 
results of the comparison and the delay value (step 326), 
controller 120 determines Whether the delay value of pro 
grammable delay 30 is equal to the delay value maXimum, 
as represented by decision block 328. This determination 
can be made by for eXample, interfacing With programmable 
delay 30 through an I/O port or by maintaining the current 
delay value as part of measurement data 142 and updating it 
each time programmable delay 30 is updated. In eXemplary 
embodiments of the present invention, the delay value 
maXimum is approximately equal to the duration of tWo unit 
intervals of the data signal transmitted through transmitter 
170 and receiver 180. 

[0059] If the delay value of programmable delay 30 is not 
equal to the delay value maXimum, Which corresponds to 
decision block 328 being ansWered “No”, controller 120 
computes a neW delay value for programmable delay 30, as 
represented by block 330. The neW delay value is computed 
by incrementing the current delay value by an amount that 
is a fraction of the unit interval of the data signal transmitted 
through transmitter 170 and receiver 180, mentioned in the 
preceding paragraph. The controller 120 then sets program 
mable delay 30 With the neW delay value, as represented by 
block 332. The controller 120 can also update measurement 
data 142 to include the neW delay value as Well. 

[0060] The steps outlined in blocks 316-332 are then 
repeated until the delay value of programmable delay 30 is 
equal to the delay value maXimum, Which corresponds to 
decision block 328 being ansWered “Yes”. When this occurs, 
controller 120 computes an ideal delay value from the bit 
error counts and corresponding delay values stored in mea 
surement data 142, as represented by block 334. 

[0061] In an eXemplary embodiment, controller 120 
begins by sequentially scanning the bit error counts and 
corresponding delay values stored in measurement data 142 
for a ?rst delay, Which corresponds to a bit error count beloW 
a de?ned threshold. The scanning begins With the minimum 
delay and ends With the maXimum delay. After locating the 
?rst delay, scanning continues for a second delay, Which 
corresponds to a bit error count above the de?ned threshold. 

[0062] Bit error counts above the de?ned threshold tend to 
occur When a data signal is sampled at or close to a temporal 
boundary of a bit period since a data signal does not sWitch 
from one state to another instantaneously. The delay can 
cause the signal to ?uctuate betWeen 1 and 0 at the temporal 
boundary. The threshold is selected, therefore, so that an 
equal or greater bit error count is indicative of a sample 
taken near a temporal boundary of a bit period instead of just 
bit errors that can and do occur for other reasons. Similarly, 
the threshold is selected so that it is unlikely that the bit error 
count of subsequent delays Will drop beloW the threshold 
until after a temporal boundary of the bit period has passed. 
This last requirement prevents small increases in bit error 
counts, Which might not be associated With a temporal 
boundary of a bit period, from being misinterpreted. 
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[0063] Additionally, the increment used to adjust the delay 
value in step 330 is small enough so that at least one delay 
corresponds to the region of time at or just before a temporal 
boundary of a bit period and at least one delay corresponds 
to the region of time just after a temporal boundary of a bit 
period. As a result, the second delay ideally corresponds to 
the region of time at or just before a temporal boundary of 
a bit period. 

[0064] After ?nding the second delay, scanning continues 
for a third delay, Which corresponds to a bit error count 
beloW the de?ned threshold. Ideally, the third delay corre 
sponds to a region of time just after a temporal boundary of 
a bit period. 

[0065] After ?nding the second and third delays (e.g., a 
?rst temporal boundary of a bit period), controller 120 
continues scanning for a fourth and ?fth delay (e.g., a second 
temporal boundary of the bit period). The fourth delay is the 
next delay corresponding to a bit error count above the 
de?ned threshold. Additionally, the ?fth delay is the next 
delay, folloWing the fourth delay, corresponding to a bit error 
count beloW the de?ned threshold. 

[0066] After the second, third, fourth, and ?fth delays are 
located (e.g., tWo temporal boundaries of a bit period have 
been located), they are summed and divided by four. The 
result is a delay value that corresponds to a temporal position 
roughly midWay betWeen the temporal boundaries of a bit 
period. 
[0067] Note that in some exemplary embodiments of the 
present invention, a plurality of bit groups are transmitted 
for each value of the delay value stored in programmable 
delay 30. In these embodiments, clock count 140 can be used 
to track hoW many bit groups have been transmitted With a 
given delay value. Each time the delay value is updated, 
clock count 140 is cleared. 

[0068] In these embodiments, an extra test can be con 
ducted before calculating and setting the delay value in steps 
330 and 332. If some prede?ned count value has not yet been 
reached, steps 330 and 332 are not executed before returning 
to step 316. Transmitting a plurality of bit groups for each 
delay value enables a more accurate determination of the 
ideal delay value. Also, clock count 140 is cleared upon 
completion of this phase as Well so as not to interfere With 
the next phase. The controller 120 then sets programmable 
delay 30 With the ideal delay value calculated in step 334, as 
represented by block 336. The controller 120 then begins 
incrementing clock count 140, as represented by block 338, 
each time a bit group is received from deserialiZer 90. 

[0069] The second BS generator 100 then generates a 
subsequent bit group from a bit group received through its 
Din port 102 from deserialiZer 90, as represented by block 
342 in FIG. 3C. The subsequent bit group is transmitted by 
second BS generator 100 through its DOut port 104 to second 
Din port 134 of controller 120, but the subsequent bit group 
is not output by second BS generator 100 until a subsequent 
clock cycle. While deserialiZer 90 transmits the bit group to 
BS generator 100 in step 314, programmable delay 30 delays 
another bit group received from receiver 180, as represented 
by block 344. The deserialiZer then paralleliZes this bit 
group, as represented by block 346, as described above. 

[0070] The controller 120 compares the bit groups trans 
mitted by deserialiZer 90 and second BS generator 100, 
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respectively, as represented by block 348, and stores the 
results of the comparison (e.g., the number of bit errors) as 
part of measurement data 142, as represented by block 350. 
If there are any bit errors, i.e., one or more of the bits do not 
match, Which corresponds to decision block 352 being 
ansWered “Yes”, controller 120, checks the value of clock 
count 140 to determine Whether it is greater than a pre 
de?ned counter value (e.g., a counter value maximum), as 
represented by block 354, Which can be maintained by either 
controller 120 or computer 160. 

[0071] As noted above, the purpose of the third phase is to 
con?rm the con?guration of system 1, transmitter 170, and 
receiver 180 and to identify a seed value to use as a 
controlling pattern for second BS generator 100. If clock 
count 140 exceeds the prede?ned counter value, it can be 
safely assumed that system 1, transmitter 170, and receiver 
180 are not con?gured properly. 

[0072] If clock count 140 is not greater than the prede?ned 
counter value, Which corresponds to decision block 354 
being ansWered “No”, controller 120, under the direction of 
control module 214, can clear the bit error count stored in the 
previous execution of step 350, as represented by block 356. 
The cycle of receiving bit groups, generating subsequent bits 
groups, and comparing the tWo then continues until there are 
no bit errors or clock count 140 exceeds the prede?ned 
counter value. Note that second BS generator 100 continues 
to accept neW bit sequence seed values from deserialiZer 90. 
Because there Were one or more bit errors detected during 

the most recent bit group comparisons, it may be that the bit 
sequence seed values used to produce tWo of the compared 
bit groups are invalid. 

[0073] If clock count 140 is greater than the prede?ned 
counter value, Which corresponds to decision block 354 
being ansWered “Yes”, the results of the measurement can be 
displayed via user interface 206, as represented by block 388 
in FIG. 3D. If step 388 is reached in this fashion, the results 
Will indicate that there is a problem With the con?guration of 
transmitter 170, receiver 180, and/or system 1 and that an 
actual measurement Was never made. 

[0074] Returning to step 352, if there are no bit errors, 
Which corresponds to decision block 35 being ansWered 
“No”, controller 120, under the direction of control module 
214, directs second BS generator 100 to stop accepting bit 
groups from deserialiZer 90, as represented by block 358, 
clears clock count 140 (step 360), and directs BS generator 
10 to include a prede?ned bit error in the next bit group 
generated thereby, as represented by block 370 in FIG. 3D. 
Typically, the prede?ned bit error has a ?rst bit in a bit group 
being sWitched. For example, if the bit is a digital “one”, it 
is sWitched to a digital “Zero” and vice versa. In other 
embodiments, one or more bits, Which may or may not 
include the ?rst bit, are sWitched. This bit group is then 
serialiZed and transmitted to transmitter 170 as described 
above, With respect to FIG. 3A. 

[0075] Steps 360 and 370 of FIGS. 3C and 3D mark the 
end of the third phase and the beginning of the fourth phase, 
respectively. As indicated above, the third phase identi?es a 
bit sequence seed value for second BS generator 100. This 
happens When consecutive bit groups are transmitted With 
out bit errors. This means that second BS generator 100 can 
noW generate the exact bit sequence generated by ?rst BS 
generator 10 Without additional bit sequence seed values 
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from deserialiZer 90. Instead, the subsequent bit groups 
generated by second BS generator 100 Will noW be fed back 
to the second BS generator, as seed values to generate 
additional subsequent bit groups. The controller 120 can 
direct second BS generator 100 to stop accepting bit groups 
from deserialiZer 90 by, for eXample, transmitting control 
signals through its second I/O port 126 to I/O port 106 of 
second BS generators 100. Furthermore, controller 120 can 
direct BS generator 10 to include the prede?ned bit error in 
the neXt bit group by, for eXample, transmitting a command 
through ?rst I/O port 122 of controller 120 and I/O port 16 
of BS generator 10. 

[0076] The second BS generator 100 then generates a 
subsequent bit group from the “subsequent bit group” com 
pared during the most recent execution of step 348, as 
represented by block 372 in FIG. 3D. This previous “sub 
sequent bit group” is fed back to second BS generator 100. 
The programmable delay 30 delays another bit group 
received from receiver 180, as represented by block 374, and 
then deserialiZer 90 paralleliZes this bit group, as represented 
by block 376, as described above With reference to step 314 
of FIG. 3A. 

[0077] The controller 120 then compares the bit groups 
transmitted by deserialiZer 90 and second BS generator 100, 
respectively, as represented by block 378. If there are no bit 
errors or any bit errors detected are not the prede?ned bit 
error, Which corresponds to decision block 380 being 
ansWered “No”, steps 372-378 are repeated. But if the 
prede?ned bit error is detected (step 380-Yes), controller 
120 stores the value of clock count 140 as part of measure 
ment data 142, as represented by block 382. Recall that the 
value of clock count 140 is incremented by pulses of a clock 
signal originating from clock source 150. Typically, this 
coincides With each set of bit groups transmitted from BS 
generator 10, The propagation delay is then calculated from 
the data stored in step 382 and other data as described beloW, 
as represented by block 384. In some eXemplary embodi 
ments, controller 120 transmits the data stored in step 382 to 
computer 160, Which then calculates the propagation delay. 
Alternately, controller 120 calculates the propagation delay 
and then transmits the result to computer 160. 

[0078] As indicated in the propagation delay (PD) equa 
tion beloW, the clock count stored in step 382 (CC) is 
multiplied by the number of bits in a bit group (BG) to 
account for the delay associated With each bit in the bit 
groups represented by the CC. In exemplary embodiments, 
the “other data” mentioned in the preceding paragraph can 
include the bit position of the prede?ned bit error (PB). For 
eXample, if the bit position of the prede?ned bit error is 4 (as 
determined by controller 120), the ?rst three bits of the bit 
group are accounted for by the inclusion of the term (PB-4) 
in the propagation delay equation beloW. Further, the “other 
data” can include an instrument delay (ID) as Well. The ID 
typically includes separate delays occurring Within system 1, 
transmitter 170, and receiver 180. More speci?cally, the DI 
can include, for eXample, the amount of time it takes a signal 
to propagate through system 1, transmitter 170, and receiver 
180 and the amount of time it takes these devices to respond 
to commands (e.g., a command to initiate the generation of 
a bit group). The “other data” also can include the ideal 
delay (DI) calculated in step 322 and the bit rate (BR) of the 
bit groups When transmitted serially by system 1, transmitter 
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170, and receiver 180. The bit rate is used to transform a 
count of bits into a temporal value (usually picoseconds). 

[0079] The propagation delay (PD) equation is as folloWs: 

PD((CC*BG)+(PB—1))/BR)—D1—ID (1) 
[0080] The resulting propagation delay represents the 
delay of a signal passing through optical ?ber 190. The 
computer 160 can then store the results of the measurement 
in a record 218 of database 216, as represented by block 386, 
and display the results of the measurement via user interface 
206, as represented by block 388. If step 388 is reached in 
this fashion, the results include the propagation delay cal 
culated in step 384. 

[0081] Alternatively, the PD can be computed by execut 
ing the steps illustrated in FIGS. 3A-3D and described in 
detail above With an optical ?ber 190 having a knoWn PD. 
The equation of the ID is as folloWs: 

[0082] The ID calculated in this fashion can then be used 
to compute the PD for an optical ?ber 190 With an unknoWn 
delay. 
[0083] While exemplary embodiments of the present 
invention have been disclosed, it Will be understood that, in 
vieW of the foregoing description, other con?gurations car, 
provide one or more of the features of the present invention, 
and all such other con?gurations are contemplated to be 
Within the scope of the present invention. For eXample, 
FIGS. 3A-3D illustrate steps sequentially, but some of these 
steps can actually occur at roughly the same time or in 
parallel (e.g., steps 370 and 372 and steps 386 and 388, 
respectively). Furthermore, one or more optical ?bers or an 
electronic, optoelectronic, or other device can be substituted 
for optical ?ber 190 to determine a propagation delay 
therethrough. 
[0084] Additionally, a propagation delay through either 
transmitter 170 or receiver 180 can be determined through 
the use of a transmitter or receiver With a knoWn propagation 
delay. Tests can be conducted in order to determine the 
instrument delay (not including the transmitter or receiver) 
prior to determining the propagation delay of transmitter 170 
or receiver 180. 

[0085] Accordingly, it should be clearly understood that 
the embodiments of the invention described above are to be 
considered in all respects only as illustrative and not restric 
tive and are not intended as limitations on the scope of the 
invention, Which is de?ned only by the claims that are noW 
or may later be presented. The scope of the invention is, 
therefore, indicated by the appended claims rather than by 
the foregoing description. All changes Which come Within 
the meaning and range of equivalency of the claims are to be 
embraced Within their scope. 

What is claimed is: 
1. Asystem for measuring a signal propagation delay, said 

system being adapted to electrically communicate With at 
least one transmitter and at least one receiver, said system 
comprising: 

a ?rst bit sequence generator used to generate a ?rst 
sequence of bits that is to be transmitted through an 
object With an unknoWn propagation delay, 
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a second bit sequence generator that receives said ?rst 
sequence of bits from said object, said second bit 
sequence generator generating a second sequence of 
bits identical to said ?rst sequence; and 

a controller that receives said ?rst and second sequences 
of bits, said controller compares said sequences to 
con?rm that said sequences are identical, instructs said 
?rst bit sequence generator to inject a prede?ned bit 
error into a third sequence of bits While simultaneously 
starting a clock count from a clock source, maintains 
said count that is incremented each time said controller 
checks for said bit error, stops incrementing said count 
When said bit error is detected, and computes said 
propagation delay by reference to said count. 

2. The system of claim 1, Wherein said object is one of a 
length of ?ber optic cable, an electronic device and an 
opto-electronic device. 

3. The system of claim 1, Wherein said ?rst BS generator 
and said second BS generator produce identical output from 
identical input. 

4. The system of claim 1, Wherein said ?rst BS generator 
and said second BS generator each operate at a frequency of 
a clock signal generated by said clock source. 

5. The system of claim 1, Wherein said controller com 
putes an ideal delay value from said ?rst and second bit 
sequences and uses said ideal delay value to compute said 
propagation delay. 

6. The system of claim 5 Wherein said prede?ned bit error 
is generated for a particular bit position and said controller 
uses said particular bit position to calculate said propagation 
delay. 

7. The system of claim 1 Wherein said prede?ned bit error 
is generated for a particular bit position and said controller 
uses said particular bit position to calculate said propagation 
delay. 

8. In a system for measuring a signal propagation delay, 
said system being adapted to electrically communicate With 
at least one transmitter and at least one receiver, said system 
comprising a ?rst bit sequence generator, a second bit 
sequence generator, a clock source and a controller, a 
method for computing the signal propagation delay com 
prising the steps of: 

computing an ideal delay value; 

injecting an error into a bit sequence generated by the bit 
sequence generators and maintaining a clock count 
from the clock source until the controller receives said 

error; 

determining a bit position for said error in said bit 
sequence; and 

calculating the propagation delay from said ideal delay 
value, said clock count and said bit position. 

9. The method of claim 8 Wherein said step of computing 
an ideal delay value further comprises the steps of: 

setting an initial value for said delay; 

generating a ?rst sequence of bits; 

sending said ?rst sequence of bits to the at least one 
transmitter, Which sends said ?rst sequent of bits to the 
at least one receiver, Which sends said ?rst sequence of 
bits to a programmable delay device; 
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delaying said ?rst sequence of bits received from the at 
least one receiver; 

generating a second sequence of bits, said second 
sequence of bits also being sent to the at least one 
transmitter, the at least one receiver and said program 
mable delay device; 

comparing said ?rst sequence of bits to said second 
sequence of bits to determine if there are any bit errors; 

if said bit errors are encountered, incrementing said initial 
value for said delay and repeating said ?rst and said 
second generating steps; 

if said bit errors are not encountered, computing said ideal 
delay. 

10. The method of claim 9 Wherein the steps of generating 
said ?rst and second sequences of bits includes generating a 
series of bit groups. 

11. The method of claim 10 Wherein each of said bit 
groups contains at least 80 bits. 

12. The method of claim 8 Wherein said step of using said 
ideal delay value to gather data includes the steps of: 

resetting said clock counter value to Zero and beginning a 
neW count; 

including a prede?ned bit error in a neXt bit group 
generated; 

generating a subsequent bit group; 

delaying any additional bits received from said receiver 
by said ideal delay; 

comparing said subsequent bit group to said additional 
bits; 

if said comparing does not detect said prede?ned bit error, 
generating a second subsequent bit group until said 
comparing step detects said prede?ned error; and 

if said comparing detects said prede?ned bit error, storing 
said clock counter value and computing said propaga 
tion delay. 

13. The method of claim 8, Wherein said object is one of 
a length of ?ber optic cable, an electronic device and an 
opto-electronic device. 

14. In a computeriZed system comprising a circuit board 
having electrical circuitry connecting a ?rst bit sequence 
(BS) generator, a serialiZer/deserialiZer (SERDES), a pro 
grammable delay, a deserialiZer, a second BS generator, a 
controller, and a clock source, said system further compris 
ing an transmitter and a receiver electrically connected to the 
circuit board, a method for computing a signal propagation 
delay through an object comprising the steps of: 

initialiZing the ?rst bit sequence (BS) generator, the 
serialiZer/deserialiZer (SERDES), the programmable 
delay, the deserialiZer, the second BS generator, the 
controller, the clock source, the circuit board, the 
transmitter and the receiver; 

aligning data from the receiver With a clock signal from 
the clock source and storing a clock counter value; 

identifying an ideal delay value for the programmable 
delay; 

using said ideal delay value to gather data needed to 
determine the propagation delay; and 

calculating the propagation delay using said data. 
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15. The method of claim 14 wherein said step of identi 
fying an ideal delay further comprises the steps of: 

setting an initial value for the delay; 

generating a ?rst sequence of bits; 

sending said ?rst sequence of bits to the transmitter, Which 
sends said ?rst sequent of bits to the receiver, Which 
sends said ?rst sequence of bits to the programmable 
delay; 

delaying said ?rst sequence of bits received from the 
receiver; 

generating a second sequence of bits, said second 
sequence of bits also being sent to the transmitter, the 
receiver and the programmable delay; 

comparing said ?rst sequence of bits to said second 
sequence of bits to determine if there are any bit errors; 

if said bit errors are encountered, incrementing said initial 
value for said delay and repeating said ?rst and said 
second generating steps; 

if said bit errors are not encountered, computing said ideal 
delay. 

16. The method of claim 15 Wherein the steps of gener 
ating said ?rst and second sequences of bits includes gen 
erating a series of bit groups. 

17. The method of claim 16 Wherein each of said bit 
groups contains at least 80 bits. 
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18. The method of claim 17 Wherein said step of using 
said ideal delay value to gather data includes the steps of: 

resetting said clock counter value to Zero and beginning a 
neW count; 

including a prede?ned bit error in a neXt bit group 
generated; 

generating a subsequent bit group; 

delaying any additional bits received from the receiver by 
said ideal delay; 

comparing said subsequent bit group to said additional 
bits; 

if said comparing step does not detect said prede?ned bit 
error, generating a second subsequent bit group until 
said comparing step detects said prede?ned error; and 

if said comparing step detects said prede?ned bit error, 
storing said clock counter value and computing said 
propagation delay. 

19. The method of claim 18, Wherein said prede?ned bit 
error is generated for a particular bit position and said 
controller uses said particular bit position to calculate said 
propagation delay. 

20. The method of claim 14, Wherein said object is one of 
a length of ?ber optic cable, an electronic device and an 
opto-electronic device. 

* * * * * 


